Much like tort reform, the debate over recently enacted legislation on biotech drugs-and particularly regulatory supplements to patent protectionhas taken on a significance that dwarfs its impact on prescription drug expenditures. Under the Health Care Reform legislation, Congress enacted two major reforms: First, creation of an abbreviated Food and Drug Administration (FDA) approval process for follow-on biologics (FOBs), which are the analogues of generics for biotech drugs. Second, establishment of a twelve-year "data exclusivity" period in which clinical testing data collected by brand-name innovators can not be used by producers of FOBs to satisfy FDA testing requirements. While the abbreviated FDA approval process enjoys broad support, the data-exclusivity provision has been hotly contested, including strong opposition from the Federal Trade Commission.
More importantly, we believe that the focus on data exclusivity has obscured a critical flaw in the new law. Policymakers ignored the weak competition in markets for biotech drugs, which will erase much of the cost savings predicted from experience with generic versions of conventional drugs under the Hatch-Waxman Amendments to the Food, Drug and Cosmetics Act. This difference implies that the benefits of having an abbreviated FDA approval process will not be realized until policies exist that overcome the significant barriers to market entry for manufacturers of follow-on biologics-without effective competition, the pricing of biotech drugs could remain high indefinitely. We close the article by suggesting several policies to address this gap in the Health Care Reform legislation.
I. INTRODUCTION
Much like tort reform, the debate over the provisions in the new Health Care Reform law that revise the regulation of biotech drugs-and particularly regulatory supplements to patent protection-took on a significance that dwarfed their projected impact on prescription drug expenditures. This article examines the legal, economic, and policy dimensions of this debate. We argue that the controversy over regulatory "data exclusivity" was a sideshow and that the cost-saving benefits of the new law will not be realized until policies are enacted that overcome the systemic barriers to competition in the markets for biotech drugs. 1 Biotech drugs are the fastest growing and most costly class of prescription drugs.
2 Moreover, despite estimates that biotech drugs are used to treat just three percent of the global population, it was estimated that in 2008 they accounted for forty-four percent of the global profits from prescription drugs. 3 In the United States, biotech drugs generate $50 billion annually, making them 1 The term "biotech drug" refers to drugs produced in living cells, most of which are recombinant proteins. Insulin was the first biotech drug to be commercialized and was quickly followed by others that substituted for natural proteins (e.g., human growth factor). Gary Pisano, SCIENCE BUSINESS: THE PROMISE, THE REALITY, AND THE FUTURE OF BIOTECH 27 (2006). ences insofar as it provides for enhanced FDA review relative to that of conventional drugs under the Hatch-Waxman Amendments, while still seeking to reduce the costs of and time required for approving FOBs.
Proponents of the BPCI subtitle claimed that it would promote competition and lower prices in the market for biologic drugs, which can be stratospherically high-costs in some cases exceed $100,000 for a treatment regimen. 9 Like the Hatch-Waxman Amendments, a key feature of the BPCI subtitle is a provision that will allow an FOB applicant to rely on data generated by the original drug maker to secure FDA marketing approval. 10 By reducing the time for and costs of obtaining FDA approval, this provision will facilitate market entry of FOBs. Yet insofar as the policy succeeds, it will also erode the profits of the original drug producer and the market incentives for developing new drug products.
11
Broad support has existed for creation of an abbreviated pathway for FOBs. The biotech industry's support, however, was contingent on the availability of patent protection, or a regulatory variant of it, that would ensure a return on investment sufficient to justify the high costs and substantial risks associated with bringing a biotech drug to market. Investments in the biotech and pharmaceutical sectors are massive-estimates suggest that average costs of commercializing a biotech drug exceed $1 billion, with a large fraction of them attributable to capital costs that must be borne for development periods that average twelve years. 12 As these qualifications suggest, the controversy over the 2009 ), available at http://ssrn.com/abstract=1481350 (summarizing the provisions of the Health Care Reform legislation). Volume 50-Number 4 BPCI subtitle centered on differing views about the appropriate balance between assuring adequate market returns to sustain innovation and minimizing the costs of biotech drugs to ensure patient access.
One of the most contentious provisions in the BPCI subtitle grants an innovating company a twelve-year period of "data exclusivity" to supplement traditional patent protection, with the terms running concurrently. 13 This measure works in conjunction with the abbreviated review process for FOBs, which as outlined above allows FOB producers to rely on data generated by the innovator company to obtain FDA marketing approval. Beginning on the date that a drug is approved for marketing, data exclusivity precludes FOB producers from relying on the innovator's data to obtain FDA approval of an FOB prior to the expiration of the twelve-year data exclusivity period.
14 Importantly, data exclusivity neither creates restrictions on the use of the drug itself, nor does it preclude FOB makers from conducting their own studies to obtain FDA approval. Data exclusivity instead operates as a backup to patents on a drug by maintaining, for a limited period of time, the high barrier to market entry associated with the stringent FDA requirements for clinical testing data on a new drug. It also has clear precedent. The Hatch-Waxman Amendments provide up to five years of data exclusivity for conventional drugs, 15 although this shorter period often lapses long before patent protection expires.
The need for twelve years of data exclusivity is driven by concerns that patent protection is less effective for biotech drugs than it is for conventional drugs. Further, whereas the Hatch-Waxman Amendments require the active ingredients in generic and brand-name drugs to be identical, 16 the BPCI subtitle affords FOB producers leeway to modify production processes and the chemical structure of biologics themselves. 17 The FOB provisions in the new law create an abbreviated pathway for "biosimilar" variants of a brand-name drugchemical identity is not required. This added flexibility enhances the potential for FOB producers to design around patents on a brand-name drug while still retaining sufficient biosimilarity to take advantage of FDA's abbreviated approval process. The complexity of biotech drugs exacerbates these problems by affording competitors many degrees of freedom to design around patent claims. 13 Pub. L. 111-148, § 7002(a)(7). Holman, supra note 8, at 9.
Critics of data exclusivity assert that little concrete evidence exists to substantiate fears about the adequacy of patent protection and that, in any event, other barriers to entry will mitigate such deficiencies.
18 They point to studies finding that the heightened FDA review required for FOBs and high costs of manufacturing biotech drugs will limit market entry by FOB producers. For biotech drugs with mid-sized markets, economists estimate that the number of entrants will on average be three, as opposed to the average of nine generic producers for conventional drugs, and that prices will drop only 10-30 percent once FOBs are marketed.
19
The biotech industry counters that the heightened market barriers to FOBs do not eliminate the need for data exclusivity to supplement patent protection. In fact, the economic studies used by critics of supplemental patent protection conclude that a twelve-year period of data exclusivity is essential to the profitability of biotech drugs. 20 Biotech representatives argue that, contrary to critics' claims, economic projections find that FOB market barriers alone will not sustain the price premiums necessitated by the large upfront costs of drug development. Furthermore, if patent protection proves to be effective, in most cases the data exclusivity period and corresponding patent terms will run out at roughly the same time, 21 implying that data exclusivity will rarely extend the market exclusivity of a drug maker. 22 Data exclusivity may also encourage development of clinically important biologics that would otherwise be abandoned because robust patents on the active ingredient are unavailable.
23
Prevailing uncertainties provide grounds for and against the longer twelve-year term of data exclusivity for biotech drugs. What is unequivocal, though, is that the effects either way on prescription drug expenditures will be 18 FTC, supra note 7, at iii-viii. 19 Henry G. Grabowski 21 A recent study showed that conventional small molecule drugs average of 11 to 13 years of de facto exclusivity prior to generic competition, primarily as a result of patent protection that extends beyond the short data exclusivity period provided under Hatch-Waxman. FTC, supra note 7, at 43 (citing Henry G. Grabowski 22 Holman, supra note 8, at 6. 23 Id. at 7.
Volume 50-Number 4 modest. According to a 2007 estimate by the Congressional Budget Office, establishing an abbreviated FDA approval process for FOBs will reduce national spending on prescription drugs by just 0.5 percent over the first ten years of the program. 24 The impact of a shortened data exclusivity period would be a fraction of this estimate, since the debate was over seven versus twelve years as opposed to the "indefinite" status quo. It will have a much smaller effect on overall health care costs, as drugs account for only about ten percent of total health care expenditures in the United States. 25 We will argue that, on balance, the potential benefit to patients that might have resulted from a shorter period of data exclusivity for innovators is outweighed by the financial risks to the biotech industry, and particularly the negative impacts on investments in research and development. 26 More importantly, we believe that the focus on data exclusivity has obscured a critical flaw in the new law. Policymakers ignored the weak competition in markets for biotech drugs, which will erase much of the cost savings predicted from experience with generic versions of conventional drugs under the Hatch-Waxman Amendments to the FDCA. This difference implies that the benefits of having an abbreviated FDA approval process will not be realized until policies exist that overcome the significant barriers to market entry that remain for manufacturers of follow-on biologics-without effective competition, the pricing of biotech drugs could remain high indefinitely. After examining the arguments for and against data exclusivity and discussing the specific barriers to market entry of FOBs, we close the Article by proposing several policies to address this gap in the Health Care Reform legislation.
II. LIMITATIONS OF THE PATENT SYSTEM FOR BIOLOGICS
The limitations of patent protection for biotech drugs is perhaps best understood by analogy. The scope of a patent is determined by its claims, which are based on a set of defining limitations or "elements"-roughly speaking, the greater the number of elements, the more conditions must be met for an accused invention to infringe a patent claim and the narrower its scope. If the patent claim on a chair had only two elements, say a horizontal seat and at least Data exclusivity also ensures parity with traditional drugs, which benefit from patent terms that are comparable to the twelve-year term being proposed. Grabowski & Kyle, supra note 21, at 493. three legs, many types of chairs would infringe the patent. Conversely, if the claim on a chair had twenty defining elements, each of which must be found in a competing chair, far fewer chairs would infringe it.
The complexity of biotech drugs frustrates standard approaches to drafting patent claims.
27
While traditional small-molecule drugs have dozens of atoms, biotech drugs are typically 1000-fold larger, and have multiple levels of structural organization that are essential to their functionality. 28 At the same time, scientific understanding of the relationship between structure and function in a biotech drug is still only partially understood. 29 As a consequence, scientists are unable to predict whether even modest variations in the molecular sequence of a biotech drug will alter its functionality, or change it from an efficacious treatment to a form that is potentially lethal. Similarly, even slight modifications in a production process can adversely affect cellular biochemical processes that are essential to the activity of a protein, leading to changes in safety or potency.
30
This complexity creates two mutually reinforcing problems for innovators. The size and complexity of biotech drugs affords competitors many molecular degrees of freedom, which provide numerous opportunities to design around an original innovator's patents. Additionally, the scientific uncertainties surrounding the relationship between changes in structure and protein function bounds the original inventors' capacity to draft and support broad patent claims. 
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If we return to the chair example, to the extent that the basic structure and engineering of a chair is fixed and simple, patentees will be able to draft robust patent claims and competitors will have limited prospects for designing around them. On the other hand if a chair has 1000 parts, each of which may or may not be essential to its operation, it would afford many opportunities for competitors to construct modest variations that, due to its complexity, the inventor would neither be able to anticipate nor to encompass by a broad but legally supported claim. Further, from a purely practical perspective, it would be impossible for the inventor to analyze all of the potential variations on the invention.
The erratic evolution of patentability doctrines, particularly as they apply to biotech drugs, reflects these inherent tensions. The size and complexity of biotech drugs have led the Court of Appeals for the Federal Circuit and the Patent and Trademark Office (PTO) to evaluate the patentability of biotech inventions using varying degrees of stringency. However, even absent a heightened standard for obtaining broad patent claims, biotech drugs are uniquely vulnerable to design-around strategies. Litigation trends bear out this doctrinal instability and reveal that enforcement of biotech patents is less certain, and generally less successful, than it is for conventional drugs.
A. The Limited Success of Infringement Suits Involving Patents on Biotech Drugs
The most important patents on traditional drugs are those that cover the active compound in a drug formulation. Such "composition of matter" patents are valuable because they cover any manufacture, use, or sale of the active ingredient in a drug, regardless of the process used to make it, the formulation of a drug product, or the medical condition treated. Importantly, these patents cover improved formulations of a drug and new methods of use developed after the original patent filing.
Most drug companies will not risk the large upfront investments required to develop a drug if the active compound itself cannot be patented. Recent data on litigation involving the enforcement of drug patents illustrates the power of composition-of-matter patents. In a study conducted by Bernstein Global Wealth Management (the "Bernstein Report"), the researchers found that out of 14 total patent challenges involving composition-of-matter claims, nine were won by the branded drug, three settled, and the generic challenger won only twice. 31 The results invert for the 23 patent litigation cases involving other types of patents (e.g., certain types of formulations and combination products); the brand-name company never prevailed in court, while the generic challenger won 13 of the cases, and 10 cases settled out of court.
32
These results, while based on a modest number of cases, reflect trends that date back to the first generation of biotech drugs discovered (e.g., insulin).
33
In the early cases, patents covering processes and reagents used in drug production played the primary role, rather than composition-of-matter patents claiming the active ingredient. In many cases, competitors were able to bring a variant of an innovator's biotech drug to market while avoiding patent infringement by making modest modifications to the production of the drug and the drug itself.
34
This basic scenario continues to stoke fears about the recently enacted BCPI subtitle. Industry concern was heightened by provisions in the law that allow FOB producers to use an abbreviated FDA approval process-which is premised on using innovator-generated data to avoid the high costs of clinical testing-when their compounds contain substantial, and largely ill-defined, structural difference from the original drug.
An abbreviated FDA approval process could permit FOB producers to have their cake and eat it. They could benefit not only from the research conducted by the original innovator but also from its clinical data to gain rapid, low-cost FDA approval-and all while circumventing the patent on the active ingredient. The frequency with which this may occur will depend on FDA's standard for "biosimilarity," as this will determine the degree of structural variation permitted and hence the latitude FOB makers will have to circumvent innovator patents, while still benefiting from the innovator's clinical testing data. 35 The history of cases involving enforcement of composition-of-matter patents on biotech drugs has elevated innovators' fears. There does not appear to be a single appellate-level decision in which a patent on the active ingredient 31 BERNSTEINRESEARCH, PARAGRAPH IV LITIGATION: A GUIDE FOR THE PERPLEXED 6 (Oct. 2007) (on file with author). 32 Id. Under the proposed FOB legislation, reliance on innovator data will only be available to an FOB that is "biosimilar" to the innovator biologic; it remains unclear how stringently FDA will define biosimilarity. Holman, supra note 8, at 9 n.28.
Volume 50-Number 4 of a biotech drug has been found valid and infringed. 36 At the district court level, infringement of a valid composition-of-matter patent has been found twice, 37 but both are recent decisions involving a family of related patents claiming variations of Amgen's blockbuster drug erythropoietin. 38 Even these successes, however, must be qualified. In Amgen v. HMR, the asserted patent was found to be valid and infringed by the district court only after multiple appeals, and the district court decision has not been appealed. 39 Similarly, the district court's decision on patent validity in Amgen v. Hoffman-La Roche was recently vacated and remanded for reconsideration. 40 In response, Amgen and Hoffman-La Roche settled their dispute, so no appellate decision will be forthcoming in this case either.
41
While composition-of-matter patents have often proven ineffective in protecting biotech drugs, patentees have had somewhat more success asserting patents that cover genes, genetic constructs, and recombinant cells used in the production of a biotech drug, as well as the production processes themselves. 42 Amgen's successful enforcement of patents covering genes and production methods used to produce erythropoietin has been notable in this respect, 43 but numerous examples exist in which competitors have successfully designed around such patents and avoided infringement liability. 44 Even critics of using data exclusivity to augment patent protection acknowledge this vulnerability to simple design-around strategies. Holman, supra note 39, at 295. 43 Id. at 295, 329-30. 44 Holman, supra note 34, at 215, 223-29. 45 FTC, supra note 7, at 45.
Patents on technologies used in the production of biotech drugs are subject to an alternative, potentially more troubling form of circumvention. A competitor who produces a biotech drug outside of the U.S. in a jurisdiction in which the innovator has not patented its production technologies, or where enforcement is difficult, may avoid the patent altogether. 46 This could be a particularly significant issue if FOB production shifts to rapidly developing countries, such as China, where patent protection remains weak and uneven.
B. Legal and Technical Limits on the Scope of Biotech Patents
Conventional wisdom for many years held that stringent, biotechnology-specific standards of patentability severely limited the scope of patent protection available for biotech drugs. 47 In 2007, one of us conducted a comprehensive survey of court cases and patent office decisions involving the written description requirement for patentability of biotechnology inventions (hereinafter the "Holman Study").
48
The study did not find evidence of a heightened written description requirement for biotech drugs. To the contrary, the Holman Study discovered many instances in which patentees overcame challenges to broad patent claims encompassing numerous variants of basic gene or protein structures. 49 These findings have been misinterpreted by critics of data exclusivity. Critics make the erroneous inference that because biotech drugs are not subject to heightened patentability standards, the scope of their protection is not materially different from that of traditional small-molecule drugs, or alternatively that accepted claiming strategies exist that can ensure adequate patent coverage. Id.
49
Id. at 78-82 (concluding that (1) the written description requirement was not generally functioning as a super-enablement standard; (2) neither the courts nor the PTO had formulated a coherent interpretation of written description for biotech drugs that went beyond the enablement requirement; and (3) the written description requirement was not narrowly restricting the scope of patent claims on biotech drugs).
50
FTC, supra note 7, at iii-viii, 36-37.
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The Holman Study identified a number of judicial decisions in which a patent claiming a biotechnology-based invention was found to satisfy the written description requirement, but only one, Regents of the University of California v. Eli Lilly & Co., 51 involved a biotech drug. Furthermore, Eli Lilly did not involve a composition of matter patent claiming the active ingredient, in this case insulin, but rather a patent on the corresponding gene for insulin, as well as claims on recombinant host cells and other compounds used to produce it. In the only other case involving a biotech drug, Amgen v. HMR (discussed above), the court sided with the patent owner in rejecting the patentability challenge raised by the alleged infringer, but this challenge also involved claims on recombinant cells used to produce the biotech drug, as opposed to the active compound itself.
The availability of "percent identity claims," and their analogues, for biotech drugs is a claiming strategy often cited by critics to argue that biotech patents provide adequate protection. A percent-identity claim allows the patentee to obtain rights over structural variants of a biotech drug, such as where a patent claim covers any protein with an amino acid sequence that retains the functionality of a reference protein (i.e., the active ingredient of a biotech drug) and shares some defined degree of percent structural identity with it (typically 90% or higher).
52
Some commentators have concluded that the large breadth afforded by such claims-which literally cover millions of structural variants of a biotech drug-negates concerns about the adequacy of biotech patents. 53 This inference runs into two countervailing facts. First, not a single example exists of a percent-identity claim on a biotech drug being successfully enforced against a biologic competitor. The jury is therefore out on whether percent-identity claims in practice provide effective protection for biotech drugs.
Second, recent legal developments cut against the viability of broad percent-identity claims. In 2008, the PTO issued revised written description guidelines that, in significant respects, reverses the relatively lenient PTO guidelines on written description that had been in effect since 1999. 54 The revised guidelines strengthen the written description requirement for biotechnology inventions, making it distinct from and more restrictive than the enablement requirement for patentability. 55 Moreover, because of the underlying unpredictability of structure-function relationships for biotech drugs, the revised guidelines are likely to narrowly circumscribe the scope of percent-identity claims that can meet the PTO's revised standard for written description. Bearing out this change in PTO policy, anecdotal accounts suggest that the PTO is already applying the written description requirement as a "super enablement" standard for claims on biotech drugs, effectively foreclosing broad percent-identity claims.
56
The recent BPAI decision in Ex parte Kubin is representative of the shifting doctrines relevant to the scope of patent claims on biotech patents. 57 In this case, the BPAI affirmed a PTO examiner's rejection of claims covering all DNA molecules that encode proteins that retain its function and share 80 percent, or more, identity with the protein disclosed in the patent claim. The BPAI found that, although the applicant had enabled the genus of molecules encompassed by the claim, the patent failed the written description requirement because it did not identify which molecules sharing 80 percent or greater sequence identity retained the function of the original protein. This case marks a sharp departure from earlier BPAI decisions, which had been far less strict in this respect, and signals that under the revised PTO guidelines biotech drugs are likely to be given substantially narrower patent protection than they had prior to 2008.
The trend under the PTO guidelines towards heightened patentability standards for biotech drugs was recently reinforced by the Federal Circuit in Ariad v. Eli Lilly. 58 The en banc court affirmed the continuing vitality of the written description requirement as a doctrinal tool for limiting the scope of biotechnology patents. 59 Further, the Federal Circuit has placed a renewed emphasis on the enablement requirement that reinvigorates its function as a primary doctrinal limit on patent scope. 60 The precise contours of the enablement and Volume 50-Number 4 written description requirement remain poorly defined, but in tandem they have the potential-as the Federal Circuit explicitly acknowledges in Ariad v. Eli Lilly-to substantially limit the scope of patent protection available for biotech drugs.
61
The changing status of a heightened patentability standard does not negate either the weak empirical record of patent enforcement for biotech drugs or the inherent limits of patents on them. While heightened patentability standards exacerbate the limitations of composition-of-matter patents on biotech drugs, even patents with broad claims will be relatively easier to circumvent because of the huge number of structural variants that exist for biotech drugs. This point is of particular importance for the BCPI subtitle, which opens the door to potentially broad structural variation for regulatory purposes. In particular, patents that in absolute terms cover numerous structural variants will nevertheless be ineffective in blocking competitors if they do not encompass the range of structures allowable under the weaker "biosimilarity" standard that FDA will be implementing under the BCPI subtitle.
III. CHARACTERISTICS OF BIOTECH DRUGS THAT IMPEDE COMPETITION
The distinctive characteristics of biotech drugs-their size and complexity-that undermine patent protection also place greater demands on the FDA approval process and increase the technical challenges of manufacturing them. The added costs that result increase the barriers to market entry for FOB manufacturers. By contrast, FDA review of generic versions of conventional drugs is straightforward and drug manufacturing processes are simple and extremely cheap.
Economists project that these barriers will reduce the average number of FOB producers for biotech drugs, lower competition, and limit the drop in prices that can be expected once FOB manufacturers enter a market. Competition will be complicated further because FOBs are not expected to be precisely interchangeable with their brand-name counterparts. In short, absent other policies the new abbreviated FDA approval process for FOBs will not come close to 61 Ariad, 2010 U.S. App. LEXIS 5966, at *45-46 [opinion pp. 26-27] (stating that the written description requirement has never operated as a "super enablement" standard, but then going on to recognize that the unpredictability of the relationship between the structure and function of biomolecules there is often a significant difference between "describing an invention and enabling one to make and use it"). reducing biotech drug prices to those typical of conventional drugs following generic entry.
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The unique regulatory and market barriers for FOBs set them apart from conventional drugs. The distinctive chemical properties of biotech drugs are responsible for both types of problems. This section of the Article will describe and analyze the regulatory challenges and market dynamics of biotech drugs, and then assess their implications taking into account broader scientific and market trends in the biotech industry.
A. Technical Constraints on Abbreviating FDA Review of FOBs
FDA review of FOBs will center on ascertaining whether their "safety, purity and potency" are comparable to those of the corresponding brand-name drug. 63 In the case of traditional drugs, this assessment turns on the chemical identity and purity of a generic drug (i.e., whether it is "bioequivalent" and employs the "same" active ingredient), both of which involve testing methods that are accurate and precise. 64 A comparable set of methods does not exist for biotech drugs. In particular, while it is relatively straightforward to verify the chemical identity of most biotech drugs, no tests exist for reliably determining the higher-order three-dimensional structure of protein therapeutics (the most important class of biologics), which is critical to determining their safety and potency. 65 At the same time, it is exceedingly difficult to predict whether changes in the sequence of amino acids (the chemical building blocks) of a biotech drug will have adverse impacts on its function, as even minor structural variants may or may not pose risks. 66 Similarly, seemingly minor modifications in the production process can alter the chemical structure and conformation of a biotech drug and introduce impurities that are difficult to identify, any of which could trigger lifethreatening immune responses or other serious adverse consequences. 67 62 Calfee, supra note 4, at 2 (making that case that "The biologics market will likely never resemble the simple world of traditional generics").
63
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Recognizing these uncertainties, the abbreviated FDA review process Congress enacted for FOBs uses "biosimilarity," a weaker standard than bioequivalence, to assess whether the safety and potency of an FOB is comparable to the name-brand drug. The weakened standard has obvious benefits for FOB manufacturers, but these benefits must be balanced against the potential risks to the public. Less obviously, the biosimilarity standard will have indirect effects on the brand-name manufacturer insofar as it permits substantial structural variation of FOBs relative to the corresponding brand-name drug.
Legal gaps have contributed to these technical barriers. Until passage of the Health Care Reform law, no abbreviated FDA approval process existed for FOBs, as FDA's abbreviated approval process for generic drugs under the Hatch-Waxman Amendments does not cover most biologics.
68 This is not simply a legislative oversight-as indicated above, an abbreviated process for FOBs will differ substantially from the process for generics. FDA will require substantially more data than it does for conventional generics, 69 including human clinical trials, which will increase the development times for and costs of commercializing FOBs.
70
Elevated FDA scrutiny could also limit production of FOBs to the larger firms, as only they will be in a position to absorb the higher upfront costs of commercializing an FOB.
71
The heightened regulatory barriers for FOBs will be reinforced by the complexity of manufacturing them.
72
These technical challenges create two major obstacles for potential generic producers. First, the high cost of con- . For some biologics (e.g., monoclonal antibodies), experts predict that "it will be many years before any sort of followons for these drugs appear, regardless of patent expirations." Calfee, supra note 4, at 3. 70 Lanthier, supra note 5, at 734, 736 (concluding that "follow-on proteins are likely to be significantly more costly to develop than are small-molecule generic drugs" and estimating that development times are likely to be five to eight years versus one to two years for traditional small-molecule drugs); Grabowski, supra note 19, at 447 (predicting that generic biologics will require some testing in humans, which will dramatically increase fixed development costs). 71 Harbour, supra note 27, at 18-19. structing and operating manufacturing facilities add to the costs of market entry. Second, it is virtually impossible to replicate the processes used to make biologics, and in this sense "the process is the product." Regulatory approval will therefore be inextricably tied to the manufacturing processes because subtle, but nonetheless clinically significant, differences in a biotech drug are difficult to detect, and these obstacles will add further to the regulatory costs of FOBs.
73
Establishing an "abbreviated" FDA approval process is therefore only a partial solution to much deeper regulatory challenges. Because of this, the BPCI subtitle is unlikely to lead either to entry of large numbers of generic producers 74 or to dramatic reductions in the pricing of biologics after patent protection and data exclusivity lapse, 75 at least in the near term. The smaller market sizes of many biologics will compound these dynamics, as smaller markets on average attract fewer competitors.
76
Recent studies have developed models to estimate the number of FOB producers and price reductions of biologics once FOB entry occurs. Using conservative R&D costs assumptions for drugs with mid-level markets (i.e., approximately $500 million annually), one study estimated that the average number of FOB entrants would be just two, as opposed to nine for conventional drugs, and that on average FOB prices would remain at eighty-two percent of the brand price. 77 Other studies have predicted price drops for FOBs of just ten to thirty percent from the brand-name prices. Harbour, supra note 27, at 6 (describing how even slight changes, even of equipment or facilities, can have significant impacts of safety and efficacy, and these molecular changes may not be detectable using standard analytical methods); Calfee, supra note 4, at 2 (arguing that while methods will likely improve in the future, "subtleties such as protein folding, which can strongly alter a biologic's effects in the body, will make that goal elusive for some time"); Manheim, supra note 72, at 397 (concluding that it is "virtually impossible for a follow-on company to show that its product is identical to an innovator's [biologic] product"); Woodcock, supra note 69, at 438. 74 Calfee, supra note 4, at 2 (arguing that those who assume establishing a path for FDA approval of FOBs will "dramatically reduce drug prices . . . are wrong"); see also Grabowski, supra note 19, at 448.
75
Calfee & DuPre, supra note 5, at 1303 (arguing that FOBs "will exert no more than a modest effect on post patent prices of targeted large-molecule drugs"); Harbour, supra note 27, at 18-19 (suggesting that FOBs may not meaningfully reduce prices). 76 Grabowski et al., supra note 19, at 440 (suggesting that large differences in levels of entry between large and small markets, with the latter much less likely to have many entrants). 77 Id. 
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These dynamics have led a number of commentators to conclude that, even once an abbreviated FDA approval process for FOBs is instituted, markets for biologics will be far less competitive than those of conventional drugs.
79 Put another way, patents and data exclusivity will be two among several barriers that limit market competition for biologics. Further, because biologics often will not be subject to brand-to-brand competition, 80 the limited competition from FOBs, will put biologics producers in a strong position to retain high prices indefinitely. For similar reasons, one would also expect, as is already evident, that brand-name biologics will command high price premiums. 81 Perhaps the only upside to this market power is that it gives producers an incentive to conduct R&D on additional uses of a drug, as there is little risk of competitors threatening their ability to recoup these added costs.
82

B. Market Conditions and Incentives for Biotech Drugs
The predictions described above should not be read to imply that brandname biotech drugs will be free of competitors. Where the potential markets are large-whether because the patient population is large, high price premiums can be sustained, patients must take the drug for extended periods of time, or some combination of these factors-competitors will seek out other closely related targets to develop competing brand-name drugs. This is precisely what has occurred with the specialized breast cancer drug Herceptin, which now competes with the drugs Iressa and Tarceva, both of which target different, closely related receptors.
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The economic significance of data exclusivity will therefore depend on the market size of a biotech drug. Drug markets can be divided roughly into three categories: (1) blockbuster drugs with sales that exceed $1 billion annually, (2) mid-range drugs with sales between $1 billion and $250 million annually, and (3) small-market drugs with sales below $250 million annually. For block- Calfee & DuPre, supra note 5, at 1307 (predicting that "we can expect rapid accretion of what might be called QALY-driven drugs: drugs that provide large benefits . . . but at high prices and, often, significant total expenditures"). 82 Id. at 1305. For example, Avastin, which was originally approved for colorectal cancer, is being aggressively studied for its effectiveness against twenty other cancers. Calfee, supra note 4, at 4; Calfee & DuPre, supra note 5, at 1304, 1306. Similarly, Remicade is now approved for treatment of Crohn's disease, arthritis, and colitis. Id. at 1303. buster drugs, brand-to-brand competition is likely to dominate-despite patents or data exclusivity-as the large market size will support multiple independently developed drugs. The blockbuster drug erythropoietin (EPO), an anti-anemia drug, illustrates this point-multiple variants of and alternatives to EPO are in various stages of development. 84 By contrast, competition in markets for drugs with annual revenues below $250 million will attract few, if any, competitors, whether from FOBs or other brands. In this context, data exclusivity will be redundant and thus have little or no effect on FOB market entry. 85 Data exclusivity will have the greatest impact on the economics of biotech drugs with large or mid-range markets. While brand-to-brand competition in large markets is likely to dominate, data exclusivity will protect innovators from direct copy-cat competition that could occur earlier and further reduce profits. Similarly, for drugs with mid-range market sizes that are sufficient to support FOB competition, but not so large that brand-to-brand competition is likely to be significant, data exclusivity will delay the onset of this competition.
Even when FOBs are the only source of competition, however, their impact on drug prices is likely to be modest. If the available projections are correct and only 2-3 FOBs enter these markets, economic models suggest that prices will drop on average by only about twenty percent. 86 At least in the near term, this would translate into a very minor drop in prescription drug expenditures, particularly as biotech drugs generate about fourteen percent of the total revenues for pharmaceuticals, which in turn account for only about ten percent of total health care costs.
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Viewed from the standpoint of the innovating companies, the economic impacts of the new abbreviated FDA review process for FOBs are quite different. Drug development costs are at best diversified across a portfolio of products. But far from diluting the impact of drug revenues, the low success rate of drug development-only about one to two drug candidates out of ten that enter Small-market biotech drugs are also of marginal importance economically. Sales of biologics are highly skewed. Twelve biologics with sales that exceed $1 billion account for a disproportionate share of the total revenue from all biologics; just twenty-nine biologics have sales that exceed $250 million and collectively account for ninety percent of the revenue from biologics. Lanthier, supra note 5, at 734. -leverages profits from the few drugs that are commercialized. Moreover, among the drugs that are commercialized, economic analyses estimate a mere thirty percent achieve revenue levels that exceed their costs of development.
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The economic viability of drug makers is dependent on, and thus highly sensitive to, the small subset of drugs that generate significant revenues, which will be negatively impacted by the lower prices and diminished market share that follow FOB entry. Because their markets are by definition relatively large, it is the subset of profitable drugs that are most likely to be impacted by FOB entry and thus most sensitive to the term of data exclusivity. Further, because the up-front costs of drug development are so great, annual sales on successful drugs must be sufficient to overcome the large capital costs. Under these circumstances, compound interest operates in reverse on capital costs of hundreds of millions of dollars-the negative equivalent, roughly speaking, of a midsized university endowment for each drug in development.
The economic drag associated with R&D costs is evident in the high sensitivity of drug cost recovery to the duration of the data exclusivity term. Taking into account the heightened barriers to entry of FOB manufacturers, economic models find that brand-name drug makers could not recoup their costs if the data exclusivity term were much less than ten years. 90 In other words, if revenues are not sufficient to overcome the high upfront costs, drug companies will not be able to obtain sufficient returns for investors. This would put them in a position analogous to that of a consumer who is only able to make interest payments on a large credit card debt.
Patient access to drugs, by contrast, is unlikely to be affected much by the specific duration of data exclusivity. Particularly with the expanded coverage established under the new Health Care reform law, drug purchasing will typically be mediated by insurance companies. Brill, supra note 20, at 3 (arguing that "seven years of data exclusivity would be sufficient in maintaining strong incentives to innovate while fostering a competitive marketplace"). subject to the full cost of drugs, or their capacity to afford biotech drugs will not be affected by whether or not FOBs are available-they will be priced out of the market either way. Similarly, for most insurance policies price differentials of 10-30 percent on drugs that cost tens of thousands of dollars per treatment regime are unlikely to have much effect on patient access. Either the high cost of the drug will be justified (perhaps given the costs of alternative interventions), or their costs will far exceed lower-cost options (or the limitations of an insurance plan) whether or not FOBs are available.
On its face, our conclusion that a shortened data exclusivity period is likely to reduce the profits of biologic innovators, and hence the incentive for biologic innovation, while at the same time producing minimal cost savings for consumers might seem contradictory. Above all, it turns on the sensitivity of biotech drug revenues to the duration of the data exclusivity term, which is itself driven by the biotech industry's high cost of capital and related sensitivity to near-term profit margins. 91 This contrasts the low sensitivity of the industry's profitability to market penetration levels of FOBs and, to a lesser extent, projected drops in biologics prices following twelve years of data exclusivity. 92 These results, which would benefit from further study, suggest that shortening the duration of data exclusivity, and thus lowering near-term drug costs, may heighten tensions between patient access and sustaining biotech innovation, relative to policies designed to promote rapid FOB entry and competition after data exclusivity ends.
It is also important to recognize that while market entry by a competing FOB will inevitably divert sales from the innovator, it will not benefit consumers if the price of a biologic drug does not drop significantly as a result of this competition. The innovator's lost profits could simply be diverted to the FOB manufacturer, with little or no resulting savings for consumers.
The holding in a recent federal case illustrates this point. The judge entered a preliminary injunction blocking market entry of a competing biotech drug after determining that it would reduce the innovator's profits, but was un- 91 Grabowski, Long & Mortimer, supra note 90, at 16-17. 92 Id. at 39. For a twelve-year data exclusivity period, Table 5 reveals very little change in the estimated time for a company to breakeven (14.4 versus 14.6 years) across FOB market shares ranging from twenty-five to fifty-five percent. Id. Similarly, even for the highest level of FOB market share (fifty-five percent), shifting from an assumed price drop of ten percent in the first year following the end of data exclusivity and twenty-five percent in the fourth year and beyond to an assumed price drop of twenty and forty percent, respectively, merely increased the time to breakeven by about five years or thirty percent. Id. These differentials are dramatically different than the twenty-plus years need to breakeven projected for shorter data exclusivity periods. Id.
Volume 50-Number 4 likely to cause a drop in the price Medicare pays for the drug. 93 In reaching this conclusion, the court credited the testimony of a Stanford economics professor, who explained that competition in the market for the biotech drug at issue, an anti-anemia agent, bears little resemblance to "plain vanilla" competition in an open market. 94 Like most biologic drugs, this one was dispensed by physicians and the purchaser was the physician or healthcare provider. 95 The economist testified that the incentives under the Medicare program undermine price competition, and might actually lead to higher prices following entry of a competitor. 96 Under these circumstances, sales diverted from a brand-name drug to a competing FOB serve only to reduce innovator profits, and thus the incentives for innovation, without benefiting patients.
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C. Promoting Competition in Markets for Biotech Drugs
The successes of biomedical innovation are paradoxically at the root of the health care crisis. 98 The better technologies become, the more people want access to them and the more total health care costs grow. 99 Yet, private investment in biomedical research and development will unavoidably be affected by government policies-smaller markets for products will reduce incentives to invest. 100 A central challenge for policymakers will be to contain costs without unduly slowing innovation. 101 This tradeoff is particularly significant for pharmaceuticals, which are both costly to develop and have been shown to generate social returns that are often several times that of their private value. 102 The Hatch-Waxman Amendments to the FDCA have demonstrated that enhancing competition is an effective, minimally intrusive way to reduce the costs of conventional drugs. Unfortunately, implementing Hatch-Waxman-like policies for FOBs is complicated by the barriers to entry discussed above. Moreover, simply reducing FDA regulatory costs will not be sufficient. The smaller average market sizes for biotech drugs relative to conventional pharmaceuticals complicates the economics by exacerbating tensions between sustaining profits sufficient to support innovation and ensuring patient access to new drug products.
The focus of the debate over FOB policies on the duration of data exclusivity ignores these fundamental differences. It also could be counterproductive for everyone. Owing to the large upfront costs of drug development and high costs of capital for the industry (and particularly for biotech startups), 103 the optimal temporal profile of drug prices may favor high initial prices followed by a significant drop after patent protection (or data exclusivity) ends. Economists have estimated that capital costs account for close to fifty percent of the total costs of drug development, 104 making them the single largest cost contributor. More importantly, the high costs of capital, particularly relative to the public der the abbreviated FDA approval process, tax incentives to overcome the higher costs of plant construction, and publicly funded basic research to address the scientific impediments to developing low-cost and reliable test methods for evaluating biosimilarity.
In other areas of technological development, economists are beginning to evaluate the benefits of combining complementary policies when several types of market failure are present. 108 The approach that we are advocating here-one that also combines a mix of measures ranging from patents to direct subsidies-would greatly benefit from economic analyses on the specific combinations of policies likely to be most effective given this set of market barriers. While this work may not resolve the specific magnitudes of incentives or funding for basic research needed, they could provide valuable insights on the relative efficiency of different mixes of policies.
The passage of the BPCI subtitle in the Health Care Reform law may be reflective of broader trends that are eroding the importance of patents in the biomedical sciences. Policy debates nevertheless remain fixated on patents and their regulatory analogues. This is perhaps understandable from a purely political perspective because these other policies and problems raise less tractable technical and legal challenges. Yet, the mix of market failures and barriers that exist cannot be solved by patents alone; only a multifaceted approach that combines policies will succeed. As it stands, the abbreviated FDA approval process for FOBs established in the Health Care Reform law will not come close to the success of the abbreviated process for convention drugs in the Hatch-Waxman Amendments. Congress must address the remaining barriers to market entry of FOBs in order for this earlier success to have a chance of being replicated for the new generation of biologic drugs.
IV. CONCLUSIONS
The costs of health care in the United States are approaching the outer bounds of what is sustainable. Health care spending was projected to reach $2.4 trillion in 2008, or about sixteen percent of U.S. gross domestic product. 109 The emergence and rapid growth of biotech drugs will further strain the system given their technical complexity, typically modest market sizes, and relatively high 
